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Claims 



I claim: 




n. 



1 1. An emitter controlled thyristor devic^having a cathode terminal and an 

2 anode terminal, comprising: 

3 a thyristor device having a thyyistor emitter, a thyristor collector, and 

4 a thyristor gate, said thyristor compulsing alternating P-type and N-type 

5 semiconductor regions; 

5 a first metal oxide semico|Iductor transistor (MOS) connected in 

7 series with said thyristor between said cathode terminal said thyristor 

8 emitter, said first MOS transi^r integrated in at least one of the 

9 semiconductor regions of saicf thyristor; and 

10 a second MOS transistor integrated in at least one of said 

1 1 semiconductor regions connected between said cathode terminal and said 

12 thyristor gate, a gate terminal of said second MOS transistor connected to 

13 said cathode terminal, 

14 wherein a firs/voltage applied to a gate terminal of said first MOS 

15 transistor causes a fcSrward current to flow between said cathode terminal and 

16 said anode termina/ turning said emitter controlled thyristor device to an on 

17 state, and a zero fo second voltage^umsj applied to said gate of said first 

18 MOS transistor /urns said emitter controlled thyristor device to an off s tate. 




2. fAn emitter controlled thyristor devic^ recited in claim 1 further 
comprises a floating ohmic contact OraC) for shorting said emitter and a 
source terminal of said first MOS^ransistor. 



3 r An emitter controlled th^stor device as recited in claim 1 further 
comprises a metal strap i'or shorting said thyristor emitter and a source 
terminal of said first MOS transistor. 



4. I An emitter Gbntrolled thyristor device 



as recited in claim 1 , further 
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2 comprising: 

^3 a third MOS transistor havmg a source and a drain cojfnected 

1 t fL ^ ^ between^thyristor emitter and a thyristor lower base regioi^and a gate 

5 connected to said cathode terminal. 

J I 1 S.^An emitter controlled thyristor devicejas recited i^claim 1 wherein said 

F 2 first MOS transistor comprises a PMOS transistor^ and said second MOS 

3 transistor comprises a PMOS transistor. 

3 1 / 1 6./ An emitter controlled thyristor device]as/ecited in claim 4 wherein said 

1% '2o</- 2 first MOS transistor comprises a PMOS transistor, said second MOS 

^0 3 transistor comprises a PMOS transistojf and said third MOS transistor 

4 comprises an NMOS transistor. 



Q 



T ' J 7/An emitter controlled thyristor device! as recited in claim 4 wherein said 

2 first MOS transistor comprise^ NMOS transistor, said second MOS 
% 6^ J 

* ' 3 transistor comprises a PMOS^transistor, and said third MOS transistor 

comprises an NMOS transistor. 

/ 1 8 /An emitter controll^ thyristor devicefas recited in claim 4 ftirther 

J / ^ 

F 2 comprising a metal spap for shorting said thyristor emitter with one of a 

3 drain and source luminal of said first MOS transistor. 

^ 1 9. /An emitter d5n trolled thyristor devicejas recited in claim 1 , further 

t ^ 2 comprising a^iode connected between said gate of said first MOS^and said 
thyristor emitter. 



1 10. An emitter turn-off thyristor (^^) device for carrying current between 

^ ^ 2 a cathode terminal and an anode^&ermmal, comprising: 
f'f^' '3 a thyristor having a thWstop/emitter, a thyristor collector connected 



4 to said anode terminal, and a/hyristor gate; and 
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5 a packaged metal oxide semiconductor (MOS) transistor connected 

6 between said thyristor emitter and said cathode terminal, vynerein said 

7 thyristor is turned on to conduct current between said camode and said anode 

8 terminal by applying a first voltage to a gate of said M©S transistor and 

9 turned off by applying a second voltage to said gate of said MOS transistor. 

1 1 1 . An emitter turn-off thyristor (ETO) device as recited in claim 10 further 

2 comprising: / 

3 a diode connected between said thyhsipr gate and said cathode 

4 terminal, wherein a threshold voltage of the diode is higher than a voltage 

5 drop across the thyristor gate to cathode phis a voltage drop across said MOS 

6 transistor in an on-state, / 

1 12, An emitter turn-off thyristor (ETO) device as recited in claim 11, further 

2 comprising: ( 1 / 

3 a charge storage device connected in parallel with said diode, said 

4 charge storage device providing a turr^on current for said thyristor gate. 

1 13. An emitter turn-off thyristor (ETO) device as recited in claim 12 

2 wherein said diode comprises at least one Zener diode, 

/ 

1 14. An emitter turn-off thyristor (ETO) device for carrying current between 

2 a cathode terminal and an anode terminal, comprising: 

3 a thyristor having a thyristor emitter, a thyristor collector connected 

4 to said anode terminal^ and a thyristor gate; 

JlS 5 a first metal oxide semiconductor (MOS) transistor connected 

6 between said thyristor emitter and said cathode terminal; 

/ 

7 a charge storage device connected between said thyristor gate and 

/ 

8 said cathode ternunal; and 

9 a second iMOS transistor connected in parallel with said charge 

10 storage device ,/wherein said thyristor is turned on to conduct current 
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1 1 between said cathode and said anode terminal by apo^ying a first voltage to a 

12 gate of said first MOS transistor and turned of by applying a second voltage 

13 to said gate of said first MOS transistor, 

1 15. An emitter turn-off thyristor (ETO) devicfe as recited in claim 14 

2 wherein said second MOS transistor is a PJ/OS transistor having its gate 

3 terminal and drain terminal connected together to said cathode terminal. 

1 16. An emitter turn-off thyristor (ETCyf device as recited in claim 14 

2 wherein said second MOS transistor /s a NMOS transistor having its gate 

3 terminal and source terminal connected together. 



1 
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17. An emitter turn-off thy: 

a first die comprising 
having an anode terminal, 
and 



isttif (ETO) device package comprising: 



:hyrist< 



ate-Am off thyristor (GTO), said first die 
T gate, and at least one emitter finger; 



at least one second die comprising a metal oxide semiconductor 
(MOS) transistor connected in series with said first die, a first terminal of 
said MOS transistor contacting at least one said emitter finger, and a second 
terminal of said MOS transistor acting as a cathode terminal, 

wherein a fn'st voltage to a gate of said MOS transistor turns said 
thyristor on passiiig current between said cathode terminal and said anode 
terminal, and a /econd voltage to a gate of said MOS transistor turns said 
thyristor off. 



1 18. An emitter turn-off thyristor (ETO) device package as recited in claim 

2 17, furthe/ comprising: 

3 a Murality of said emitter fingers on a surface of said first die; 

4 a plurality of said second die, each comprising a MOS transistor 

5 conne^ed in series with said first die on one of said plurality of emitter 

6 finge/s; and 



wo 99/17374 




PCTAJS98/20594 



-27- 

7 a metal strip sandwiched/Btej/^een each of said plurality of emitter 

8 fmgers and each of said pluralin^f>^econd die. 





1 19. An gate turn-off (GTO) thyristor device package comprising: 

2 a first metal plate; 

3 a second metal plate; 

4 a third metal plate electrically insulated ftom said second metal layer; 

5 a thyristor sandwiched between said f^rst metal plate and said second 

6 metal plate, a collector of said thyristor contacting said first metal plate 

r / 1 

7 acting as an anode forpid ETO device packag^; 

8 a first metal oxide semiconductor (MOS) transistor positioned on said 

9 second metal plate adjacent said thyri^or, said first MOS transistor having a 

* 10 first terminal connected to an emitter of said thyristor and ^ second terminal 

1^ n r 

e 11 connected to said third metal platejacting as a cathode for^aid ETO device 

p 12 package; and / 

y 13 a second MOS transistor positioned on said second metal plate 

nJ 14 adjacent said thyristor, said^/second MOS transistor having a first terminal 

p 15 connected to a gate of said thyristor, said second MOS transistor further 

^ 16 having second terminal and a gate terminal connected to said third metal 

17 plat^, / 

18 wherein a fir^t voltage applied to a gate terminal of said first MOS 

19 transistor turns said thyristor to an on state causing a current to flow between 

20 said cathode and iaid anode, and a zero to second voltage applied to said 

21 sate of said firs/ MOS transistor turns said emitter controlled thyristor device 

/ 

22 to an off state. 

/ 

1 20. An gate turn-off (GTO) thyristor device package as recited in claim 19, 

/ 

2 further comprising a clamp means for holding said first, second and third 

3 metal layers together, 

1 21. An gate turn-off (GTO) thyristor device package as recited in claim 19 



wherein said first, second, and third metal plates cofnpnse copper plates. 



22, An gate turn-off (GTO) thyristor device package as recited in claim 19 
wherein said first MOS transistor and said s/cond MOS transistor are 
complementary. 

23. An gate turn-off thyristor (GTO)/^evice package comprising: 

a gate turn-off (GTO) thyrmor comprising a thyristor gate, a 
thyristor emitter, and a thyristooxoUector forming an anode terminal; 

a plurality of MOS transistors connected in parallel arranged in a 
circular fashion around said GTO thyristor, a first terminal of said MOS 
transistors connected to saad thyristor emitter andja second terminal of said 
MOS transistors conne^cted to a cathode terminal of said GTO device 
packag^^; and 

a plurality^o'f MOS switching devices connected in parallel arranged 
in a circular fashion around said GTO thyristor, a first terminal of said MOS 

switching devices connected to said thyristor gate and/a second terminal of 

/ 

said MOS switchmg devices connected to said cathode terminal of said GTO 

device package! 

/ 

wherein a first voltage applied to a gate terminal of said MOS 

I 

transistors turns said GTO thyristor to an on state causing a current to flow 

betw^n said cathode terminal and said anode terminal, and a zero to second 

/ 

voltage applied to said gate of said MOS transistors turns said GTO thyristor 
to4m off state* 



24. An gate turn-off thyristor (GTO) device package as recited in claim 23 
further coniprising: 

a first m^tal plate forming said cathode terminal; 

a second metal plate separated from said first metal plate by an 
insulation layer, wherein said GTO thyristor and said MOS transistors and 
said MOS switching devices are positioned on said second metal plate, said 
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7 first and second metal plates acting a heat sink. 

1 25. An gate turn-off thyristor (GTO) device package as repited in claim 23 

2 further comprising a third metal plate on top of said GTy thyristor forming 

3 said anode terminal. 

1 26. An gate turn-off thyristor (GTO) device pacme as recited in claim 23 

2 wherein said MOS switching devices comprise^i MOSFET transistor having 

3 a gate connected to said cathode terminal. 

1 27. An gate turn-off thyristor (GTO) deyice package as recited in claim 23 

2 wherein said MOS switching devices comprise a diode. 

/ 

1 28. An gate turn-off thyristor (GTO) device package as recited m claim 23 

\JC 2 wherein said MOS switching de/ices comprise a diode connected in parallel 

3 with a capacitor. 




1 29. An gate turn-off thyristor (GTO) device package as recited in claim 23 

2 wherein said MOS switc^ng devices comprise a Zener diode connected in 

1 30, An gate tun^bff thyristor (GTO) device package as recited in claim 23 

2 wherein said MOS switching devices comprise a transistor connected in 

3 parallel with acapacitor. 

/ 

1 31. An gate turn-off thyristor (GTO) device package as recited in claim 26 

2 f urthen^omprising ; 

3 /[a first feedback path connecting said gate terminal of said MOS 



' 4 transistors to said thyristor emitterj; arid 

5 / a second feedback path connecti 

6 /transistors to said thyristor gate terminal through a diode, 



i ? T 5 / a second feedback path connecting said gate terminal of said MOS 



wo 99/17374 



PCT/US98/20594 



-30- 

si 32. A gate turn-off thyristor (GTO) de^r^ package as recited in claim 23 

2^ further wherein ^d MOS switchmg^evicejconaprises a MOS transistor 

^ yS comprising; X 
^^jM 4 a feedback path connoting said gate terminal of said MOS transistors 

{5 to said thyristor emittery/ 

^6 a capacitor confnected in parallel to^said second feedback path] 

7 connecting said gate^terminal of said MOS transistors to said thyristor gate 

8 terminal thro^r^a diode. 



